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Part 1.
lUTRODUCTIOU.
i
I
The tensile strength of concrete is an important element in i
reinforced concrete "beams even though this strength is generally
neglected in the calculations of the resisting moment, for this
tensiüß strength goes to resist web stress such as are given under
the name of diagonal tension. Tensiüß strength may also "be taken
somewhat as a measure of the quality of the concrete. Tests of
tensile strength of concrete cannot "be easily made, or at least not
in a way which may well be used in connection with building con-
struction. The modulus of rupture of a concrete beam for a test
properly made may be considered to measure the tensile strength of
the concrete fairly closely. It has been suggested by Professor
Talbot that the flexural test may be used as a means of measuring
the abilitj»- of the concrete to resist diagonal tension, and that it '!
may serve to determine the quality of the concrete and thus to be
useful as a means of checking up the richness, the mixing, and the
strength of the mixture which goes hour by hour into the construc-
tion of concrete work. Tests have been made on concrete beams, but
generally at considerable age or with other purposes in view than
have just been mentioned. The writer has therefore undertaken this
thesis v;ith the purpose of determining the practicability and valu0
of Short time flexural tests of piain concrete as a means of giving
infonaation bearing on the points above mentioned.
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2Part 2.
THEORY AND AVAILABLE DATA
In th.e calculation of the modulus of rupture the weight of
the 13621111 was taken into consideration. Th.e modulus of rupture was
calculated by the flexure formula. M/S « l/C.
M « bending moment due to the load.
I s moment of inert ia of the section,
C - distance from the neutral axis to the extreme fiber,
S - modulus of rupture.
The maximum tensile stress due to the weight of the "beam was used
as a constant because the beams were very nearly the same weight.
A sample calculation is given with a load of 1600 poimds^ in a 3
foot span-1 cu. ft. of concrete - 150 pounds.^ M, of a uniformally
located beam - 675 Ib. in.
I s 256, C « 4.
S r 675/64 = 10.5 Ib. per sq. in.
M. of a beam at l/3 pts.j 1600 pounds load r 96000 Ib. in.
I r 256 C r 4.
S s 96000/64 s 150 Ib. per sq. in.
150 plus 10.0 r 160.0 Ib. per sq. in.
Therefore we have the general formula S z 0.938 W plus 10.0.
The following table is taken from the Transaction of the
American Society of Civil Engineers giving results of tests, Dec.
1899,made by Mr. H. Von Schon on Portland concrete beam5 6x6x18 in.
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tested to destruction by flexure. Tlie average age of the "beam was
60 days.
Ultimate Piber Stress ITd. per sq.
Kind of Mixture
.
Fo. of Mear
Stone
.
Tests.
Bandstone A 2 176
n B n 217
n c n 280
n D n 325
n E n 102
Boulder A Ii 326
n B n 328
it C n 373
n D N 410
tt E tt 330
A 1 cement 2.4 sarid 5.3 stone.
Bl " 2.4" 4.8"
Gl " 2.4 " 4.4 "
Dl " 2.4 " 4.0 "
El " 0.3 lime 3.1 sand 5.3 stone.
The following comparisons and results are taken from Sabins "Cement
and Concrete", pages 317-325.
At St. Mary's Falls Canal Over two hundred beains were made.
The size "being 10x10 in. "by 4 feet 6 in.. The "beams were stored in
moist earth soon after making. The beams were broken by means
of hydraulic jacks applying load at center of a four foot span.
The half-beams were tested in a similar manner if a 20 in. span

could "be obtained. The following table gives tlie results obtained
fron the above tests.
Table 148.
Effect of Variation in Richness of Mortar,
Modulus of Rupture
Parts of Tensile Ib. per sq. in.
sand to 1 strength 4-fcot span 20—inch span.
c einenx ax» ÜTo. Age Iv!ean ITo. Age
by weight 3 yrs. Tests Tests
1 mo.
76-77 717 2 lyr.7mo. 593 4 2yrs . 9ino 600
78-79 1 790 2 n 689 4 It 698
80-81 2 595 2 « 538 4 It 577
82-83 3 432 2 n 489 3 n 415
84-85 4 335 2 tr 379 4 II 385
86-87 5 252 2 ti 284 4 n 316
88-89 6 218 2 n 262 4 II 279
Prom the results it is Seen that for the richer cement the
tensile strength of the mortar in Ib. per sq. in. was greater than
the modulus of rupture. The strength of the cohcrete with one - two
four mortar is fifty-five per cent of the strength of a one to one
mortar. The decrease in strength due to the larger Proportion of
sand in the mortar is usually greater than the decrease in cost.

Table 150.
Variations in Quality of Sand for fixed Quantities of Cement and
Stone
.
No. Amount of Amount of Modulus of Rupture
Mortar made Rammed Con- ITd. per sq. in.
as fo of Com- crete as 4 Poot Span. 20 inch Span,
pacted stone.of Compact- JTo. No.
ed stone. Tests. Age. Mean. Tests. Age. Mean,
mo yr mo
74-75 16 95 2 1 8 299 4 2 10 295
72-73 24 101 2 " 335 4 " 303
70-71 32 104 2 " 324 4 » 354
68-69 42 110 2 " 322 4 " 321
•
Table 152.
Value of Thorough Mixing.
Uo. Mixing of Concrete Modulus of Rupture
Ib. per sq. in.
4 f oot Span. 20 inch. Span,
No. ^ Ho.
Tests. Age. Mean. Tests. Age. Mean.
yr. mo
.
182-186 Turned once & back. 2 1 290 4 21 1/2 373
183-187 " twice " " 2 " 294 4 " 353
184-188 " 3times " " 2 " 306 4 n
185-189 " 4 " " " 2 " 328 4 « 474
once
Comparing the concrete turned or twice and back
,
witii that turned
three or four times and back it is seen that we have an increase
of nearly 18 per cent in the better mixed concrete.
The effect on the strength of concrete of variations in manipula-
tions and treatment is most satisfactorily investigated by tests
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of large size specimens. In the preparation of such large speci-
mens the conditions of actual construction may be closely repro-
duced, and the results, although likely to be quite irregulär, as
the strength of concrete in structures is not uniform throughout,
are neverthe-less very valuable. On account of the expense connect-
ed with swch tests, the numher of specimens is usually so limited
that the natural irregularities in strength mask the true conclu-
sions.
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Part 3.
MATERIALS, TEST PIECES, MB METHOD Ol" TESTING.
Stone.
The stone used was Kanlcakee limestone ordered screened
throi'gh a one inch screen and over a one-quarter inch screen, The
stone weighed 86 Ib. per cu. ft. loose and contained 44 per cent
voids as determined from seven samples,
Tahle 1 gives the proportion of sizes as determined from
three 10 Ib. samples.
Table 1.
Mechanical Analysis of Stone.
Diameter of Per cent Per cent
Mesh in inches. Retained Passing,
1 1/4 00 100.0
1 1.4 98.6
II 3/4 19.8 78.2
1/2 58.8 20.2
1/4 14.4 5.6
1/8 3.5 2.1
Plate 1 is a diagram showing the relation between the dia-
meter of mesh in inches and the per cent of stone passing through
it. In the det ermination of the voids in the stone and sand the
material was poured slowly into the water so that the voids became
filled with water and that no air might remain.
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Sand
.
The sand used was from near the WalDasli River, Attica,
Indiana. It contained 37^ voids as determined from six samples.
Ta"ble 2 shows the proportion of sizes as determined from the samples
Table 2.
Mechanical Analysis of Sand.
No. of Seive. Per cent Retained. Per cent Passing.
5 0.0 100.00
10 21.7 78.30
12 11.2 67.10
16 10.5 56.60
18 15.3 41.30
30 19.6 21.75
40 8.25 13.50
50 5.5 8.00
74 3.1 4.85
Plate 2 shows the diagram for the fineness of sand giving the
relation between the diajneter of mesh in sq. in. and the per cent
thru.
Cement
.
The cement used was of two kinds; the Universal brand
fumished by The Illinois Steel Co. of Chicago and Chicago A. A.
purchased from Sheldon Brick Co. of Champaign, Illinois. The
Universal cement was the finer ground, 80.1^ passing a 200 sieve
while only 72.4^ of the Chicago A. A. passed a 200 sieve as
determined by three samples of each cement. Table 3 gives the
tensile strength of the cement s both from neat and from 1-3 mortar
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"briquettes at ages of 7 and 28 days. The "briquettes iDeing made
and tested according to Standard practice.
Table 3.
Tensile Strength of Cement.
Ref. Ultimate Strength Ib. per sq. in.
ITo. Aga 7 days, Age 28 days.
Neat
.
1-3 Mortar. TJeat
.
1-3
1 u 525 270 690 400
2 U 545 275 725 450
3 U 450 310 725 310
Av. 518 285 2^17 430
1 C 455 340 730 460
2 C 620 300 750 500
3 C 545 290 755 450
Av. 540 310 740 470
U. Universal brand.
0. Cliicago A. A. '
Test Pieces.
The beams used were 6 in. wide, 8 in, deep, 3 ft. 4 in. long.
The reason for choosing this size of beam was, for ease in handling
and economy of material, The beams were made in wooden forms which
rested on a sheet of heavy building paper spread upon the concrete
floor, The forms were constructed as shown in Pig.l, All materials
were measured by loose volume and weighed to check the measurement.
All mixing was done by hand on a steel mixing board by men exper-
ienced in the work. A rather wet concrete was used in all the beatns
The sand and cement were placed upon the board and turned until

/ao
.60
.60
Show/hg Rclöf/on ßeti4^ce/7 PcrCcnf
-t:
41 t. I
/
CU«KNC DICTZQCN CO.. CHICAGO.

CU«KNC DICTZaCN CO.. CHICAGO.
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they were thoroughly mixed.
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The stone was added and tlE materials were turned twice; the stone
having "been wetted thoroughly a day or two "before using. Water
was then added and the batch again tumed until it became uniform
in appearance. The concrete was deposited in layers of 2 to 3 in.
in thickness, each layer being thoroughly tamped. The sides were
spaded with a trowel. In general the forms were left on the beams
from 7 to 10 days. In the case of beams 11 to 26 the forms were
left on three weeks. The beams were spriniled for a few days
after making so as not to allow the drying out to take place quick-
ly. The beams tested for this thesis were made at the same time
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as the larger beams of the same numbers described in other theses
on concrete and reinforced concrete, presented in th.e College of
Engineering of the University of Illinois in June 1907. Most
"beains were stored in the Concrete Labratory and the temperature
was somewhat cool and varying. The flexure 13681113 of the T-heam
series were stored in the Testing Lahratory where the temperature
was nearly constant at ahout 70 degrees F.
The heams were tested on the 100000 Ib. Oleson Testing
Machine. The slowest speed being used and was l/lO inch per
minute,
The loading of the beam was as shown in Fig. 2.
V
4 "Ißcam
s
1--
/z.' r 1^" 9
> [_/
AB
^ \ \ \ ^ \ \\\ \ \ \
N
N
The Support of the beam was on 3x8 in. by 4 ft . pine timber (A B)
which rested upon the bed of the machine. The timber was carefully
' /
I
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squared and planed. The TDeam rested upon two supports (C) the tops
of which were curved so as to give the "beam a Chance to deflect
without changing its span. Between thr support (C) and the heam
two thicknesses of heavy iDuilding paper were placed so as to over-
come the roughness of the heam. The load was transferred to the
beam hy means of a 4 in. I-heam resting upon l/2,in. rollers (D)
.
Under these were placed a bearing plate 1 1/2. x 3/8 x 8 in. which
rested upon building paper. The load was applied continuously
to failure, only maximum loads being recorded.
»
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Part 4.
DISCUSSION.
TalDle 4 gives the average modulus of rupture for the differ-
ent proportions and for the different age of test.
Taltle 5 gives the average modulus of rupture for the two
cements with reference to the proportions and the age of test.
The tables for the modulus of rupture of each "beam are
found on pages 20 Z9 and give the "beams in groups of series
and under different mixtures of concrste,
Tahle 4.
Modulus of Rupture for Different Mixtures.
Age at Test-Days.
Mixture 4 7 14 24 30 60 75 100
1-1-2 238 257 342 500
(2) (2) (2) (2)
1-1 1/2-3 340
(4)
1-2-4 70 130 191 202 208 271 322
(1) (2) (8) (4) (19) (67) (2)
1-3-6 191
(4)
1-4-8 103 189 153
(2) (2) (6)
1-5-10 174
(ö)

i.
-14-
Tlie results are average values in Vq , per
Table 5.
sq. in.
Comparison of the Different Cements.
Universal. Chicago
Age at Test Days.
Mixture. 14 60 75 14
A. A.
60 75
1-1-2 314 540 369 460
(1) (1) (1) (1)
1-1 1/2-3 360
(2)
320
(2)
1-2-4 173 286 194 256
(4)
,
(39) (4) (28)
1-3-6 48 191
(2) (2)
1-4-8 138 169
(2) (4)
1-5-10 177
(4)
174
(1)
Plate 3 shows tlie diagrams for the Time Tests giving the relation
of age to the modulus of rupture for different mixtures.
Plate 4 is the diagram for the relation of different proportions
of the modulus of rupture at the age of 60 days.
Some of the conditions which will effect the modulus of
rupture in a test heam are; the position of the stone, with refer-
ence to the size; the porosity of the concreto; the richness of the
concrete; poor tamping; dirty concrete; conditions of storage; and
the treatment it gets in being transferred from one place to another

Mfxtcrcs
«U«KNC OlKTZaCN CO.. CHICAGO

CU«KNC DIKTZQCN CO.. CNICAGO.
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The results of the tests on the 1-1-2 concrete showed very
well although in the 60 day beams the modulus of rupture ran a
little lower than was to he expected^and the curvej,Plate 4^indicates
that these results are low.
The 4 tests on the 1-1 1/2-3 concrete gave good results
and did not vary much,
Over 100 tests were made on the 1-2-4 concrete, The curves
Show, Plate 3, that the results are very uniform. The test beams
for the T-heams (60 days) gave a high average value of the modulus
of rupture, 316 Ih. per sq. in., while the other 60 day beams
ava-age only 250 Ih. per sq. in. This difference is prohahly due
to a difference in the stone used. The stone used in the T-heams
series was from the supply fumished hy the "Joint Committee" and
was harder than the limestone ordinarily used for the test beams,
The difference in storage may have caused a small difference in the
modulus of rupture. The test beams for the T-beams were stored
in a room where the temperature was about 70 degrees P, all the
time, and the other test beams were stored where the temperature •
had a wide ränge and was frequently low.
The forms were left on the test beams of the 'T-beams 3 weeks
and on the other test beams 10 days.
In the tests upon the 1-3-6 concrete the results of the two
test beams made with Universal cement were very low, 48 Ib. per
sq, in, The two beams with Chicago A. A. cement gave 191 Ib. per
sq. in., which from the diagram (Plate 4) is a fair value. The
appearance of the fracture of the poorer beams showed the concrete
to be very porous and very dirty. The tests on the reinforced
beams of these numbers gave very low results, showing that the
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quality of the concrete was poor.
In the tests upon 1-4-3 concrete the modulus of rupture for
the 14 day heams, 189 Iii. per sq. in., and for the 60 day "beams
153 11). per sq. in. Prom the diagram it appears that the results,
for the 14 day heams, are high.
Two of the test beams of 1-5-10 concreire gave very high
results. This may he accounted for hy a very rieh part of the
batch being used in their const ruction, making a very good quality
of concrete.
The following comparison is made between the modulus of
rupture and the unit shear of a beam having no stirrups. The
Unit shear is taken from the thesis of James, Foreman and Kinsey
on "Tests on Reinforced Concrete Beams^ Resistance to Web Stresses'.*
I
Presented to the College of Engineering, June, 1907.
Table 6.
Ratio of Modulus of Rupture to Unit Shear.
No. Modulus of Rupture. Unit Shear. Ratio.
211-1 331 213 1.55
211.2 310 136 2.27
212.1 228 148 1.54
212.2 305 154 1.98
212.5 221 115 1.92
212.6 246 126 1.95
213.1 178 93 1.92
213.2 204 86 2.37
214.1 179 85 2.10
214.2 174 72 2.42
215.1 174 77 2.27
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ITo. Modulus of Rupture. Unit Shear, Ratio.
216.1 223 87 2.56
216.2 135 47 2.88
216.5 202 75 2.70
216.6 148 68 2.18
217.5 147 109 1.35
217.6 138 90 1.53
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Part 5.
COlTCLUSIOlilS.
The tests showed plainly that in Order to obtain a check
upon the quality of the concrete in connection with works of con--
struction it would be well to require at least two beams to "be
made, It is shown that in making the small test heam there are
many conditions which influence the results. Test heams as sraall
as those described herein could be made and give good results,
small er beams would not be as satisfactory. The load should be
applied slowly and cont inuously. The beam should be placed upon the
Supports in such a way that there will be no twisting action,
That the modulus of rupture can be used to check the quality of
concrete is shown in this thesis,
The modulus of rupture can be used for measuring the ability
of the concrete to resist diagonal tension as shown in Table 6.
At the age of 60 days.
1-2-4 concrete is 79.5 per cent that of 1-1-2
1-3-6 " " 56 " " " " "
1-4-8 " " 45 " " " "
The increase of the 1-2-4 concrete from the age of 4 days to
the age of 7 days was 47 per cent; for the next 10 days 5^; for the
next 30 days 34^; and for the next 40 days 18.8^. This shows that
the concrete is growing rapidly in strength for at least 60 daysj
and after that more slowly. The beams made with the Universal

cement gave a higher modulus of rupture than those made with the
Chicago A. A. , The Universal cement hac. 8 per cent more thru a 200 i
seive. The 14 day test showed that the beams made with Chicago A.A.
cement gained strength quicker the first 14 days hut after that
tha "beams made with the Universal cement take the lead.
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1-1-2 Concrete.
Universal
.
No . Max . M . R . Age at
Load. l"b. per Test.
sq. in.
316-5 2600 254 7
316-6 2280 222 7
317-5 2930 285 16
317-6 2330 230 15
411-5 3290 314 58
411-6 5650 540 77
Chicago. A. A.
ITo. Max. M.R. Age at
Load. Ib. per Test,
sq. in.
411-1 4780 460 78
411-2 3830 369 58
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1-1 1/2-3 Concrete
Universal
.
ITo. Max. K, R. Age at
Load. Ib. per Test,
sq. in.
412-5 3620 349 55
412-6 3850 371 64
CMcago. A. A.
ITo. Max. M. H. Age at
Load. Ib. per Test,
sq. in.
211-1 3420 331 61
211-2 3200 310 57
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1-2-4 Concrete.
Universal. Chicago. A. A.
No. Max. M.R. Age at Uo, Max. M. R. Age at
Load. l"b. per Test. Load. ITd. per Test,
sq. in. sq. in.
11 3040 295 59
12 3430 332 61
13 4210 405 73
14 2850 277 65
15 2900 282 63
16 3100 301 59
17 4130 395 71
18 3310 321 59
19 4020 386 70
20 2650 259 60
21 3050 296 61
22 3430 332 58
23 3060 297 61
24 2880 280 58
25 2800 273 61
26 3130 304 58
901 1940 192 37
901 2150 212 37
902 1810 180 36

= _____ ^ / ^
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1-2-4- Concrete.
Universal. Chicago. A. A,
Uo. Max. M. R. Age at ITo, Max. M. R. Age at
Load. Ib. per Test. Load. ITd. per Test.
sq. in.
9000 X 70
i7 v/D 91 ^O 91 9 oo
1 Q90 1 QO oo
9\J f 91 OO 901 oo
OHA 1 Q*^X 70
9 Pinn
«CO
70J. OOQfl OJ.
OCi'^O 909 04
1 Ät>r>
J. dou 1 ÄÄ
xy O Oo
911 1290 132 32
1 7'=inX f Uvy 1 7AX 1 ou
•7XO X O 'xW 1XO«J ou
X O Vy 1 ft4.X 0*x oo
951 290(9 216 40
927 2100 39
212- 5 2250 221 61
212- 6 2510 246 57
221- 5 2490 244 60
221- 6 2540 248 59
212-1 2320 228 61
212-2 3140 305 57
216-1 2270 223 62
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1-2-4 Co
Universal
.
"So, Max. M. R. Age at
Load, Ib. per Test,
sq. in.
223- 5 2280 224 60
223- 6 2140 211 63
225- 5 2380 234 62
228- G 3380 329 60
231- 5 2720 265 61
231- 6 3450 354 89
232- 5 2020 200 61
232- 6 2710 264 70
216- 5 2040 202 70
216- 6 6380 138 70
233- 5 1810 180 97
233- 6 2100 207 64
241- 5 2390 235 58
241- 6 2180 215 61
271- 6 2100 207 61
rete
.
Chicaco. A. A.
ITo, Max. M. R. Age at
Load. Ib. per Test,
sq. in.
217-5 1460 147 23
315-5 640 70 4
311-5 1200 135 29
311-6 1750 174 14
311-7 930 98 7
311-8 1600 161 9
311-1 2370 232 29
311- 2 2260 222 14
312-1 1700 169 17
312-2 1840 183 14
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1-2-4 Concrete.
Universal. Chicago. A. A,
JVtCVA.
•
M Rm, xv. Ä CTÄ QOl
XU«
ö v£ , XXI *
L C O V/ « XiUcLU. • XU« I
ctn i nöH» -i-iJ.«
1 C O b «
«JX t/— \J X o X \J OX /C— «J <.T V Pdf) X o
X'x "^T 4.-1«JX t—
X
PQOO^ •/ V/V/ PßP X V''r
xot X Q «JXtc- «i «CV/«JV POP
313-5 2460 258 24
313-6 1450 146 85
314-5 3750 362 103
314-6 1950 193 61
413-5 2290
417-5 2330
417-6 1900
225 64
229 61
190 56
511-1 2350 231 60
511-2 3750 362
.
64
512-1 2460 241 60
512-2 2820 275 62
513-1 2440 239 60
513-2 2920 284 63
514-1 2100 207 64
514-2 2590 253 62
521-1 2160 213 62

1-2-4
Universal
Uo. Max. M. R. Age at
Load. Ib. per Test,
sq. in.
oncrete
.
Chicago. A. A.
N"o. Max. M. R. Age at
Load. Ib. per Test.
sq. in.
531-5 3220 303 60
521-6 2350 231 61
531-1 2100 207 62
531-2 3580 346 63
541-1 2500 245 60
611-1 3020 293 60
611-2 2560 252 55
612-1 3510 339 60
613-1 3160 307 60
617-1 3130 304 61
617-2 5130 304 60
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1-3-6 Concrete
Universal.
ITo, Max. M. R. Age at
Load. 113. per Test,
sq. in.
414-5 320 40 55
414-6 500 57 61
Chicago. A. A.
ITo, Max. M. R, Age at
Load. ITd. per Test,
sq. in.
213-1 1790 178 60
213-2 2070 204 65
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Universal
.
Uo. Max. M. R.
Load. Ib. per
sq. in.
318-5 1600 161
318- 6 380 46
319- 5 2060 205
319-6 1750 174
415-5 1500 151
415-6 1220 125
1-4-8 Concrete.
i
Chicago. A. A.
Aga at Ho. Max. M. R. Age a
Test. Load. Ib. per Test.
sq. in.
9 214-1 1800 179 56
7 214-2 1750 174 57
17 415-1 1330 135
16 415-2 1900 188 63
63
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1-5-10 Concrete.
Universal.
ITo. Max. M. R. Age at
Load. Ib. per Test,
sq. in.
235-5 2930 285 61
235-6 1950 193 60
416-5 lOeO 109 61
416-6 1150 118 63
Chicago. A. A.
No. Max. M. R. Age at
Load. ITd. per Test,
sq. in.
215-1 1750 174 56



